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Abstract Severe distal femoral bone loss and instability

in revision TKA is challenging. We retrospectively

reviewed 39 rotating-hinged distal femoral replacement

devices in 37 patients to examine whether improved results

were obtainable, using one design, over previously pub-

lished results. The average age of the patients was 76 years

(standard deviation, 10 years). Indications for distal

femoral replacement included 11 revision TKAs, 13 peri-

prosthetic fractures, 11 reimplantations, two complex

primary TKAs, one distal femoral nonunion, and one acute

distal femur fracture. Minimum followup was 24 months

(mean, 46 months; range, 24–109 months). Eight patients

died during followup. There were five reoperations: two

patients with recurrent infection after two-stage treatment,

one patient with a periprosthetic fracture treated by open

reduction and internal fixation, one patient with late

hematogenous infection, and one patient with bearing

exchange to treat hyperextension. No failures from aseptic

loosening were seen. Knee Society scores improved from

39 preoperatively to 87, and pain scores improved from 18

preoperatively to 43. Distal femoral prosthetic replacement

with a tumor-type implant in severe cases provides excel-

lent pain relief and function with a low short-term

reoperation rate and an implant survivorship rate of 87% at

46 months.

Level of Evidence: Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

The most common use of modular distal femoral replace-

ment prostheses is for knee reconstruction after tumor

resection [7–9, 15, 19, 29]. However, there are nontumor

situations in which severe bone loss, considerable insta-

bility, or both warrant consideration of rotating-hinge-style

reconstruction. Constrained condylar TKA components

remain the workhorse for revision TKA [20, 21]. In cases

of sufficient loss of bone stock so as to destroy the liga-

mentous structures, gross ligamentous instability, or a

combination of deformities, rotating-hinge knee designs

may have an important role [3, 7, 8, 14, 31, 32, 34].

Additionally, in elderly, lower-demand patients, the

immediate stability provided by distal femoral replacement

may justify its use in cases of periprosthetic fracture, acute

distal femoral fracture, and femoral nonunion [1, 3, 31, 32].

Many authors have described the indications and outcomes

of using a rotating-hinge prosthesis in salvage revision

TKAs [1, 3–5, 7, 8, 14, 15, 22, 26–29, 31, 32, 34, 37].

Indications have included revision of a previous hinged

prosthesis, severe bone loss in revision and reimplantation

TKA, extreme instability with collateral ligament defi-

ciency, and various magnitudes of distal femoral fractures
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[3, 26]. The outcomes, much like the indications, have been

mixed.

Outcomes have ranged from encouraging short-term

results with no loosening and comparable results to those

of condylar revision TKA designs to disastrous early fail-

ure with 1- and 5-year prosthetic survivals of only 80% and

68%, respectively [3, 26]. The most recent of these reports

advises using caution when considering the use of rotating-

hinged TKA in salvage reconstruction of the knee and

suggests its use should be reserved for elderly and seden-

tary patients [26]. This echoes the results of Springer et al.

[31] who noted a very high rate of infection, patellar

complications, and implant breakage in their series. Con-

tradictory results have raised the question of whether this

high early failure rate is implant specific or rather more

generally the concept of a rotating-hinged prosthesis in

salvage situations. One such encouraging early report is

that of Westrich et al. [37] who stated these devices rep-

resent a reasonable and acceptable option in cases of

compromised bone and ligamentous instability.

To address the controversies, we sought to answer the

following question: Does modular rotating-hinged TKA

provide acceptable results in terms of implant survivorship

and clinical outcomes at short-term when compared with

previously published results?

Materials and Methods

We queried our practice’s electronic medical record system

(DocuMed1; DocuMed, Inc, Ann Arbor, MI) to identify all

patients who had primary, revision, or reimplantation

TKAs between 1998 and 2005 and found 7353 TKAs. For

this review, we included only patients in whom the

Orthopaedic Salvage System (OSSTM; Biomet, Inc, Warsaw,

IN) was used (Fig. 1). Although constrained condylar

components are adequate for the majority of revision and

reimplantation cases, a rotating-hinge device is indicated in

salvage situations for gross instability, where the medial

and lateral collateral ligaments are compromised and

incompetent. In addition, the OSSTM provides a wide range

of modular options for addressing severe bone loss. Among

these 7353 TKAs, we identified 50 patients (52 knees) who

had the OSSTM implanted. We excluded 13 patients in

whom the OSSTM device was used for 13 total femoral

reconstructions. Thus, the study group included 37 patients

with 39 knees, with these extreme salvage scenarios rep-

resenting 0.5% of our practice’s TKA population (Table 1).

In one patient (two knees), the OSSTM device was inserted

during complex primary TKA, and in 11 patients (11

knees) the procedure was a revision TKA. The device was

used for reconstruction after two-stage treatment of an

infected distal femoral nonunion in one knee (Fig. 2),

periprosthetic TKA infection as part of a two-stage treatment

protocol in 10 knees, and used acutely to treat a severely

comminuted distal femur fracture in one knee. In one knee,

Fig. 1 A photograph of the Orthopaedic Salvage System (OSSTM;

Biomet, Inc) shows a device with a segmental femoral option (left)

and a device with a resurfacing femoral option (right). (Reproduced

with permission from Biomet, Inc, Warsaw, IN.).

Table 1. Indications for the OSSTM rotating-hinged distal femoral

replacement

Indication Number of knees

Revision cases 11 (28.2%)

Aseptic loosening 5 (12.8%)

Failed allograft-prosthetic composite 1 (2.6%)

Instability 4 (10.3%)

Failed nonmodular hinge 1 (2.6%)

Infection 11 (28.2%)

Two-stage reimplantation 10 (25.6%)

Infected nonunion 1 (2.6%)

Periprosthetic fracture 13 (33.3%)

Other 4 (10.3%)

Distal femoral nonunion 1 (2.6%)

Acute femur fracture 1 (2.6%)

Complex primary TKA 2 (5.1%)
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the rotating-hinge device was used to treat chronic distal

femoral nonunion. The remaining 13 knees were treated for

acute periprosthetic distal femur fractures (Fig. 3). There

were 27 women (two had bilateral TKAs) and 10 men in

the study group. The left knee was affected in 23 patients.

The average age at the time of rotating-hinge reconstruc-

tion was 75.6 years (range, 52.6–91.3 years; standard

deviation, 10.1 years). Complete data, including revision

status and mortality, were known for all patients. During

the study period, eight patients (nine knees) died. Three

patients died before a minimum 24-month followup; all

other living and dead patients had a minimum 24-month

followup (mean, 45 months; range, 24–109 months). Our

Institutional Review Board gave prior approval for the

database and the study.

Eleven patients (12 knees) were admitted for surgery in

the acute setting (eg, periprosthetic fracture) and thus

preoperative evaluation was not possible. Of the 27 knees

in 26 patients who were evaluated preoperatively, the

average Knee Society score was 39 and the pain subscore

averaged 18 [16]. The average range of motion (ROM) in

knees available for preoperative examination was 63�
with an average 8� flexion contracture. Considerable

mediolateral or anteroposterior instability was present in 13

of 27 knees (48%).

The OSSTM is a modular reconstruction system con-

sisting of six possible resurfacing or segmental distal

femoral replacement devices. The appropriate style of

distal femoral replacement can be attached to modular

diaphyseal segments of various lengths to address major

diaphyseal bone loss. Femoral fixation consists of cemen-

ted or fully porous-coated cementless stems of varying

lengths and diameters. The tibial component is available in

a monoblock cemented design and a modular design with

cemented or porous-coated cementless stem options. The

design rationale is based on the work of Finn et al. [11]

who described an improved articular design with geometry

providing increased contact area throughout a useful ROM

and improved patellofemoral biomechanics [3, 11, 37]. The

study device received clearance as the OSSTM from the US

Food and Drug Administration in November 2000. The

only design change from the original Finn1 System

(Biomet, Inc) to the OSSTM was a switch from two separate

male tapers to a universal male taper.

The technique of rotating-hinged knee reconstruction

was described by Springer et al. [32] and Barrack [3]. We

Fig. 2A–D A 52-year-old woman sustained a high-energy distal

femur fracture initially treated with open reduction and internal

fixation. This went on to become an infected nonunion. After

hardware removal and placement of an external fixator and antibiotic-

laden beads, the patient presented for evaluation. (A) Anteroposterior

and (B) lateral radiographs show a comminuted nonunion with an

external fixator and antibiotic beads in place. (C) Anteroposterior and

(D) lateral radiographs show the large segmental distal femoral

replacement device used during reimplantation after two-stage radical

débridement and an intervening period of antibiotic therapy.
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used a similar technique for bony preparation for the

OSSTM device in our series, with proprietary elements of

the implant assembled according to the manufacturer’s

specifications. All procedures were performed using an

extensile medial-parapatellar approach. We used antibiotic-

impregnated cement in all cases of cemented or partially

cemented components. The most commonly used femoral

device in this series is the segmental replacement used in

24 knees, whereas the 3-cm resurfacing design was used in

15 knees. The femoral stem was cemented in 55% of cases.

The majority (79%) of tibial implants were fully cemented.

The most common tibial component was a monoblock

implant with a 10-mm-diameter and 160-mm-length

cemented smooth stem, which was used in 52% of cases. In

concert with femoral and tibial reconstruction, several

simultaneous procedures were performed. Patellar revision

was performed in five of the revision-type cases. Open

reduction and internal fixation to decrease the potential for

a periprosthetic fracture between the OSSTM stem and a

THA implant was performed in one knee, and a medial

gastrocnemius rotational flap was performed in one knee to

provide adequate soft tissue coverage.

We applied a bulky, well-padded dressing for one night

after surgery. Routinely, the patients were allowed to

mobilize as tolerated the day after surgery. Postoperatively,

patients were instructed and advised to use a walker or

crutches for 6 weeks. Passive assisted and active ROM

exercises were encouraged for up to 4 weeks under the

instruction of a physical therapist.

Clinical and radiographic evaluations were performed by

clinical nurses, physician assistants, or the surgeon at

2 weeks, 6 weeks, and annually thereafter. These observers

(KRB, AVL, others in Acknowledgments, MT, KB, JW, JH,

TK, DB, JR, KD, KS, BW, under the supervision of the

surgeon authors) determined the Knee Society rating system

[16] (0–100 clinical and 0–100 functional) and pain subscore

(0–50) at each visit. Range of motion was measured with the

patient supine and the hip flexed to 90� using a goniometer.

One of the authors (KRB) examined followup radiographs to

look for gross signs of loosening such as changes in implant

position or migration, radiolucencies that were progressive

or complete, or mechanical problems such as dissocation of

the implant, breakage of the implant, or signs of instability or

malalignment. No radiographic rating system was used.

Data were recorded in a prospective fashion and mined

using DocuMed1. Kaplan-Meier survival estimates with

95% confidence intervals were calculated using any reop-

eration as the end point and censoring patients on death or

loss to followup. We performed survival analysis using

StatsDirect software (StatsDirect Ltd, Cheshire, UK).

Fig. 3A–D (A) Anteroposterior and (B) lateral radiographs of a 77-

year-old woman with considerable osteoporosis show a comminuted

periprosthetic distal femur fracture. A distal femoral replacement with

segmental components and a cementless stem was used with a

monoblock cemented tibial implant. Postoperative (C) anteroposterior

and (D) lateral radiographs show restoration of leg length and joint

line with the use of a segmental replacement.
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Results

Overall implant survivorship free of any reoperation for all

patients was 87% at 4 years. Kaplan-Meier survival esti-

mates were 97% at 1 year, 95% at 2 years, 91% at 3 years,

and 83% at 4 and 5 years (Fig. 4). At 34 months, one knee

with aseptic failure was revised with a polyethylene

exchange for symptomatic hyperextension without revision

of the femoral and tibial components. We had recurrent

infection after two-stage treatment in two knees, one at

3 months resulting in above-knee amputation and the sec-

ond at 45 months successfully treated with a repeat two-

stage protocol and reimplantation with a second hinged

prosthesis. One patient underwent incision and drainage

with modular polyethylene implant exchange for acute

hematogenous infection 45 months after surgery. She

remains free of infection with good function. One patient

underwent open reduction and internal fixation at

40 months for periprosthetic fracture about the tip of the

femoral stem.

At an average followup of 45 months, the Knee Society

clinical knee score improved an average of 47 points from

39 to 87. The Knee Society functional score improved an

average of 22 points from 13 to 35. The pain subscore

improved an average of 25 points from 18 to 43 at the most

recent followup. The mean ROM was 106� with less than

1� flexion contracture.

Discussion

Published results using the rotating-hinged knee implants for

nontumor reconstruction have varied from acceptable to

poor (Table 2). Whether these differences relate to specific

design features or the general concept of a rotating-hinged

implant is unclear. To address the controversy, we sought to

answer the following question: Does a contemporary design

modular rotating-hinged TKA prosthesis provide acceptable

results in terms of implant survivorship and clinical out-

comes at short-term when compared with published results?

Our study has several shortcomings. First, there was a

high mortality rate in these elderly patients during the study

period and thus questions of long-term fixation, wear, and

breakage cannot be answered in these cases. Second, the

use of a rotating-hinge OSSTM is based on surgeon expe-

rience and preference and thus a major bias may exist for

the use of this device in some cases. This limits our ability

to identify ideal indications for this procedure using this

device. The use of one device precludes direct comparison

of this device to others with varying design features. Thus,

we can make only general comparisons to other devices,

indications, and surgeons.

Other rotating-hinge designs have been used during the

more than 37-year history of our practice, most notably the

Endo-Model1 (Waldemar Link, Hamburg, Germany) with

results published in an earlier study [22]. In a series of 109

patients (113 TKAs) with a mean 25-month followup, sur-

vival was 85% with any open reoperation as the end point.

Although the survival was similar in the current series of

patients with the OSSTM, the followup in the OSSTM series

was twice as long. Other studies have noted problems with

dislocation of the Endo-Model1 implant, despite an anti-

dislocation feature [24, 35, 36]. Femoral-tibial dislocations

occurred in two knees in our Endo-Model1 series whereas

none were observed in the current study.

In younger, more active patients, a rotating-hinge TKA

prosthesis may be a second choice behind an allograft-

prosthetic composite, the success of which has been

reported in multiple series [6, 10, 12, 13, 23, 33]. In our

series, the average age of the patients was 76 years, with

62% of patients older than 75 years and 46% older than

80 years. This demographic underscores the usefulness of a

modular, rotating-hinge reconstruction system for treat-

ment of complex prosthetic problems in elderly, low-

demand patients. Springer et al. [31, 32] and Pour et al.

[26] also noted an elderly average age and a preponderance

of female patients in their study. The majority of our

severely affected patients were female, perhaps reflecting

the increased longevity of female patients and the added

surgical problems associated with osteoporosis.

There have been favorable reports of modern rotating-

hinge prostheses use for complex TKAs [2–4, 17, 18, 22,

Fig. 4 Kaplan-Meier survivorship estimates with time with reoper-

ation for any reason as the end point are shown. The number of

patients at risk at the time of each failure is: amputation attributable to

recurrent infection at 3 months: 37; poly change attributable to

hyperextension at 34 months: 27; open reduction and internal fixation

of periprosthetic fracture at 41 months: 22; incision and drainage with

poly exchange for treatment of infection and radical débridement for

two-stage treatment of recurrent infection at 45 months: 17. The

upward ticks represent censored patients. The dotted lines = 95%

confidence intervals.
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25, 27, 37]. Barrack [3] reported only one intraoperative

complication and one subsequent surgery without any

loosening or failure directly related to a hinged device.

Other reports have been less favorable [24, 26, 28, 30–32,

34–36]. Springer et al. [32] reported a 31% complication

rate and an associated 19% rate of deep infection. Perhaps

the most sobering experience is that of Pour et al. [26] who

had a 79.8% rate of prosthetic survival at 1 year and 68.2%

at 5 years. In contrast to these results, our overall com-

plication rate was 18%: one acute death, one early death,

and five reoperations. Furthermore, only three infections

occurred, two of which were recurrent in patients who had

two-stage reimplantations, for a rate of 8%. These two

recurrent infections were in patients who had the only

reoperations resulting in removal of the femoral and tibial

components. Although these rates may be higher than those

in routine revision TKAs, they represent the most complex

clinical scenarios in patients who are likely older and more

infirmed. The Kaplan-Meier predicted survivorship rate of

97% at 1 year is higher in our series than that of Pour et al.

[26], as is the survivorship estimate at 5 years of 83%

compared with 68%. We suspect advancements in design,

fixation, and modularity may be responsible for the

improved results in our study.

In these difficult situations, the choice to proceed with

resection of the distal femur seems to result in good survi-

vorship and function. However, rerevision or failure of these

devices is complex and may result in an unsalvageable sit-

uation. Therefore, while caution is advised, distal femoral

replacement seems a reasonable option in these difficult

cases that, fortunately, represent a small percentage of our

TKA volume. Our data support the continued use of a

modular rotating-hinge knee system in cases of complex

knee reconstruction similar to those described with severe

instability and massive bone loss, complex primary TKA,

periprosthetic fracture, or acute distal femoral fracture in

elderly patients in addition to the standard tumor uses. As the

revision burden increases, so will the number of multiple

revision surgeries and the complexity of revision procedures,

making the need for these devices likely to grow.
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